ABSTRACT
A genomic expression library of P.falciparum has been differentially screened with a number of immune sera. The response of 9 clones to the various sera is presented, together with the DNA sequence encoding the epitopes. All but one clone are extremely A+T rich and unlike the other P.falciparum epitopes described, are not composed of amino acid repeats. One clone, which responds specifically with a protective serum, has been analysed in detail. The epitope is carried on a 160kd antigen which is transcribed from a single gene to give a protein expressed in all of the erythrocytic forms. DNA sequence of this clone reveals it to have more than one open reading frame, only one of which is transcribed in the blood stages. The possible significance of the other open readings frames is discussed.
INTRODUCTION
The parasite P1asmodium fa 1ciparum has a complex lifecycle which includes replication in the mosquito vector as well as in man, where it causes malaria. All studies to date indicate that it synthesizes many proteins and presents a large number of antigens to the host's immune-system. Although there are several good candidates it
is not yet known which antigen(s) are important in the development of protective immunity (1) . In an attempt to define those important antigens, most workers have focuased on a particular protein and by the use of specific sera, have been able to isolate the corresponding gene from expression libraries (2, 3, 4, 5, 6) .
Another approach, exemplified by Kemp and his co workers (7, 8) is to isolate a large number of antigenic determinants from a cDNA expression library using an immune poly-specific serum. Analysis of, and comparison between these determinants is then possible.
Here 
RESULTS

Differential immuno-screeninq o f the qenom i c expression library
A preliminary description of the construction of the Table 1 Properties of nine £. falclparua antigen producing clones Table _1 : Properties of nine P^ falclparum antigen expressing clones. Table l .A shows the size (without tails) and the dA/dT content of the inserts of nine P.falciparum clones. Immuno1ogica 1 specificity (Table  l .B) of the nine P. falciparum antigens were tested with the following antisera: rabbit antiserum raised against Triton extracted P.falciparum asexual blood stage proteins, a mixture of sera from immune African humans, an immune human serum from South America (Columbia), a protective and a nonprotective monkey sera. Rabbit serum reactivity against the nine clones was tested by the immunoenzymatic method (9). All other sera were tested by in situ colony immunoassay (7). The latter method allows a graduate reaction signal determination : + = weak, ++ = strong, +++ = very strong.
genomic expression library appears in (9) and its screening in (10) . In brief, small (50bp-lOODbp) DNAse I generated fragments were cloned into the 5' end of the B-galactoaidase 1 acZ gene. 10,000 actively expressing clones were then selected on lactose minimal plates. These were subjected to a number of screenings with different immune sera. First, a rabbit serum (T5), raised to parasite blood stage proteins, detected 100 clones encoding antigenic determinants of which 76 remained reproducibly positive. Second, a pool of sera from Africans immune to malaria identified 15 clones, 9 of which were also positive with the rabbit T5 serum. These nine clones are described here. They were further analysed with an immune human serum from South America and with a protective (422) and non-protective (017) serum from Squirrel monkeya (11) . A protective serum is defined as being able to confer protection against P,fa 1cipa rum to a naive monkey on passive transfer.
The results of the immuno1ogica 1 properties of the nine clones are summarised in Table lb. Two points can be deduced from (23) . Whether the other frames are expressed is unknown at this time. All the clones encode amino-acids that are highly charged. We don't think this has resulted in an artifactual response, since the clones react differently to the various sera. The significance of these epitopes is discussed.
We now present a more detailed analysis of clone pPF2L. It was chosen as it has the largest insert (689bp) and because it responds to both the African and South American human sera. Furthermore, it shows a weak but specific response to the protec- AaiBclcccL FIGURE 1^. DNA sequence of genomic clones expressing antigenic determinants of P.falciparum. DNA sequence was determined according to Maxam 4 Gilbert (15) . Recombinant plaamida were iaolated as described elsewhere (22) . The polylinker of pUK270 allowed direct chemical sequencing from both aides of the insert (23). The reading frames are shown to be in phase with the lac Z_ gene.
tive monkey serum and its recognition therefore may play a role in the development of protective immunity. Identification of the pPF2L antigen The fuaion protein produced by pPF2L was purified by affinity chromotography (12) and shown to react with human sera (Fig 2b) . Two bands can be seen which result from the Bgalactosidase fusion and a breakdown product , which is routinely produced on purification. This purified chimera was then used to raise antiserum in mice. Fig 2c shows that the pPF2L antiserum immunoprecipitatee a 160kd antigen from P.fa 1ci pa rum (track 2). 
FIGURE 2.
Indirect immunofluoreecence of anti-pPF2L sere bound to nare8ite infected red blood cells. A diffuse pattern of fluorescence can be seen to all of the erythrocytic staqea, including when present free me rozoltes. Note that there is no fluorescence from uninfected erythrocytes. Since the fluorescence Dattern is diffuse and appears to cover the whole parasite we ere unable to assign the pPF2L to a particular parasite structure.
The pPF2L antigen is present in all stages of the blood cycle To identify at which stage of the erythrocytic development the 160kd. antigen is present in the parasite, indirect immuno-fluorescence (IFA) was used in a fixed parasite preparation (9). Figure 3 shows that the pPF2L antigen is located in all the blood stages, from rings to schizonts as well as merozoltes. The pattern of fluorescence is diffuse and appears to cover the whole parasite, and as such we are unable to assign it to any of the classes proposed by McBride e_t^ a^, (18) . Note that there is no reaction with uninfected erythrocytea, moreover unlike pPFll-1 and RESA there is no reaction with the membrane of infected erythrocytes (9, 19). The pPF2L antigen is expressed in the blood stages and derived from a^ single gene
The 689bp insert of pPF2L was purified and hybridised to P.falcipa rum Palo Alto (FUP strain) genomic DNA. As shown in Figure 4a a single fragment is identified in each case. They are of 20kb (EcoRI, track 1), 25kb (Hind III, track 2) and 1.3kb (Sau3A, track 3). Figure 4b shows an autoradiograph of a Northern .mm- FIGURE b_ The complete nucleotide sequence of the 689bp. of P.falciparum genomic DNA contained in pPF2L. Shown above the nucleotide sequence is the inferred amino-acid sequence of the pPF2L antigen. This corresponds to the open reading frame that is in frame with B-ga1actosidase, shown as the lac Z^ gene of the vector pUK270. The two other reading frames which are out of phase are shown underlined. Shown as well is the nucleotide sequence of the polylinker in pUK270, together with the length of the tails. The 4th and 6th codons of B_ge1 actosidase are also indicated. The symbols for the nucleotidea are : A, deoxyadenosine ; C, deoxycytidlne; G, deoxyguanosine and T, deoxythymidine. The number of the base is given below the nucleotide sequence, where the first base is that of the P.falciparum insert.
single Sau3A fragment of 1.3kb is identified with the 689bp probe, taken together with the single H ind 111 and E coR I fragments, leads to the conclusion that the pPF2L gene is probably unique. The identification of a transcript in blood stage mRNA is consistent with the IFA which showed that the erythrocytic stages present this antigen. Nucleotide sequence of the pPF2L insert
The nucleotide sequence and corresponding amino-acid sequence of the reading frame encoding the 160kd antigen are presented in Fig 5. The reading frame for the 160kd protein only commences at nucleotide 480 of the insert. The indication that the B-galactosidase fusion could be the result of a translation 
